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(54) Title: PROCESS FOR PRODUCING PREGNANE DERIVATIVE 
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(57) Abstract: A process for producing a 21-hydroxypregnane derivative 
represented by the general formula (HI), (HI) characterized by protecting the 
7-position hydroxy group of a compound represented by the formula (I) (I) 
and subsequently eliminating the 21-position protective silyl group. (In the 
formulae, R 1 , R 2 , and R 3 each independently represents optionally substituted 
alkyl, alkenyl, alkynyl, aryl, or aralkyl; and R 4 represents a hydroxy-protect- 
ing group.) By the process, a pregnane derivative useful as, e.g., an interme- 
diate for squalamine can be efficiently produced through a small number of 
steps from easily available materials. 
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5 ^^tVWB, mS-\~£, T^-e^^tt^)^^T^ 5 >- (s qua 1 ami n 
e) (D-B-J&^mW-t fCtiffcSo 

OSO a H 



squalamine 

^^T^5^«, ^ARittlffi, ^^Ai^ftMs W^ifl-^-i-^St^^feiB 

U— (J. Org. Chem. ) % 6 3t, 3 7 8 61 (1 9 9 8^) ; — 
:rvV • jr~? • 3r—j?=- • -7" 5 ^ b U — (J. Org. Chem. ) s 6 3i, 
8 5 9 91 (1 9 9 8^) ;WO 9 8/2 4 8 0 O^iftii] „ 

o.o i~o. oo 2wt%tS*Tfiv^c^ -fb^Kj-a-^^feotfeffd-^fffetux 

#fc„ 7^775 ^ ©ft^K)^^ t 1) 3 j3 -Tir h^^- 5 - = 

l/^m^JH^m^iri-S^-^ h 7^ Kny • — X (Tetrahedr 
on Lett. ) „ 3 5i, 8 1 0 31 (1994 #JCl s 2 ) 3 0 — t 

? - tr^^hV— (J. Org. Chem. ) % 6-0t, 51211 (1995 
#0 ; WO 9 4/1 9-3 6 6#fii] . 3) 2 1 - t Ko^f^- 2 0 - ^f 
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U-tf-r- 4-^-^- 3 -3r^&m$&JWMk~tZ>Jf®z [WO 9 8/24 8 0 0# 

— Jf=. y ? . /r $ ^ h y — ( j . Org. Chem. ) , 6 3i, 3 7 8 61 
(1 9 9 8^) ; v 5 ^— -^-/W - ^-7* • ^— jtf = --{r^^hy- (J. Org. 
5 Chem. ) , 6 3i, 8 5 9 91 (1 9 9 8#) ; WO 9 8/24 8 0 0# 

_hlBl) „ 2) j3j;-0?3) ©^fel?Hi^^t Ltffi^S 3 j3 - 7-fe>^- 
'5 — nl/yf, 3 i3-t 2 1- tKo^>-2 0- ^ 

f-^x^^-A—^i^— 3 -^^tev^ift&i^ffi-e&'So _bfSl) o^- 
io Stii^^77 5 v^#5feia 7ig^u 2) ©^fe-cfii 9ig N 

20 

*3SW#bW: N JbfBOg^^^f Sfdtf^ (5a, 7a, 20S) -7, 2 
1 -s?te Kn^V- 2 0-^f;i/7°v^t- 3 -&ls(D 2 l«fc7KSfe3£^aiU/s: 
Mx.fc£ (5 a, 7a, 2 OS) -7-t Kn^>-20-^ 
25 -T— 3—3r>— 2 1 (1, l-i?^f/Vxf;V) ^VV-f JJ /V 

— TAs $-3r;\s3f=- y ? &^ 9*-f */~T?\>> "tr$.*hV — (Bioorg. M 

ed. Chem. ) „ 8 3t§\ 2 0 5 91 (2 0 0 0^) #J&] ^6>s Mx.^_bfB 
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fh%> (5a, 7 a, 20S) -2 0- ^5^-3- — (1' , 

3' -v^^ry ) 7 — ^ >V s<^lf=n.>— Wiffi^S 

5 tifc, (5a, 7 as, 2 OS) - 7 - t Kp ^r'>- 2 O - ^ Wk^t - 3 

-ty-2 1- t-;v (1, 1— i^^vva^W) ^^-/^->V ;V rc— 7W 
#3£TJ« (5 a, 7a, 2 0 S) — 2 1 - ( ( (1, 1 — ^/V-n^/V) ^ 

■ 

15 a> c 1 ) 



(]^T. 2 1 — >y /v^-^i/^i^^^fl^f* (I) ^fcmb-B-# (1) tmfo 
i~5) fc. SS©#6TX% 7k&&&&mirZ>zb&1fcWLk't%&. (II) 
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(5£4>, R\ R 2 *3 £-0?R 3 tei&fEt mmx~%> X> , R 4 W:*il3E©^fll3£Sr^ 
-To ) ^^Sfr 5:^^- (£*T, ^v^vfiaSf*: (ii) 

ii^fit5-feS; (iii) 



(5£»K R 4 ^MlBi:P»-efeSo ) t?^tbS2 1 — fc KoWv^tm 
3|gr{£ 2 (I I I) (DW£& 

(D A (iv) 
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( ( (1, 1 — ^-;v=xu^-jv) . y 7V ) $-3ciy) — 20—^ ^~;vrf V 

jr-r^mmfe <sxr, zi-^vn — (iv) i 

mmir^ (Di^S^-trfcoX, 1 2 1 - v' y 2 o - ^ f ^ t if 
(IV) &WMiik&^%~t&m$kk-i-Z>jjm, te&x? 
5 <D S (1 1-1) 



-rr^£H<5tei^#7 (SIT, ik&m (1 1-1) . (5 a, 

7ck, 20S) —21- ( ( (1, 1 — ~J> * =f-;-V^*5~ 7V) U^^/Uls}) /h>) ^-=3r 
- 2 0 - ^ f/V/k^t - 3 - t^ - 7 - tWV 
10 ^ fcfcj; t9^^$tbS 0 

^ yy'xi tVvS, n — :7*9Vi^ 1 — ^ f;i^7° o k%S, 2 — * ^/v^ o tr 
15 1, 1 — ^/V^^/l^S (ter t— ^^/V^) % iyf/ki, 1— **f- 

;vrf=r?v^ i , l — f-?v-7Ki \f;vm, 1 , 2 — i?^ ^;v7°n tWS s 2 , 
2 - S?> fflszfn fcV^S, l -oz^vi^n tr^36> n — ^s^afefc if^ipjf 
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1, 3-^r^;H, 1 — 7? ^/^— 2 — ^u-^^/V-IE^ 2 — p« ^/l^— 2 — -7°t3-< 

_ 2 — r/^ci^aiN 1 — ^ =^/U— 3 — ^^-=/l^S> 2 — * f-As— 2 — -fT^svm^ 

2, —^^-;l — 3—'7T~A'^ ^f^^=f-)V^ 3 — 2 — ^fr 
r^/H, 3-^^-/1^- 3 -7t=;Hs 1 — a^/V— 2 -~yv^<^/um^ 1 

|l2-^nt°=;H s 2-^^-^^^ .3 . 2 — ^^9^/1^ 3 

— ^^-^^/V^, 4-^yf-";Vl, 3— ^f-A^— 2— T'a t^/kl, 2— 

20 #W£U<, MxJ^^—yV^ 2— ^^Vl^o^ — /l^ N 3— ^^vl^c*—^^ 
4-^f^7i=/I/S, 2, 3 — $?*?'A''7 2, 4— ^f^is 

2, 5 -S^5vv:7 3i=./v-^ 2, 6-^^^^^m=/V^ 4-^°ntf 
;k7x^;H N 4 — ^^Vl^a^/V^ "^^/V^ 2, 3— ^^^A^-^f-A^ 
2, 4-*?*^;V-r-?*?-A'mt£l£1&m-fhfLZ> 0 itl^CTU 

tV^S. -^y7°otVH, ^fy^f;^ s e c-^vl^ t e r 
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^Z/mts: }£(DT)V^ ; r7^~/i^& ¥<DT V ; ^<>^/^^r4->& 

t^stutft, M*-&*Lm&; -rvzsm^ mmm^, ^mm^-, ^vmm^ 

^fy^f/vg, s e c—zf^fl'^ t e r t-^S^Jf©7/^V 

15 1, 1 — e^^/V^^vVS#5£Pi=UV\, 

ffltS 19 i£(DX b tem&&~?b£ < > W*.& text -7*^;H, text- 
T $ /V3£jfe if ©7;v^/H ; s<Z/*?;v^ o - ^ ^/v^y^S, m — ^ 5VV< 
y^S, p-^f/l/^y$?/l/£, p — :=. b i3^<i/e>/vS. p — * b ^e^IXS? 
20 /l-3£.> p-7x=A"<y^/WSs v'yx^/V^f/Vi, b JJ ^^—/l^ ^/l^Tfe 

? paTWS, MJ7/>tn7tf;vS, ^ f^i/7tf;vSv M)7x- 

^ o-y^;^yyV/vl, m-yf/v^7^/vs, p-yf/v-«7yv/v 
£^ 2, 3-^f;v^yyV;H, 2, 4 — s?* ^Vwo-y*-f 2, 5- 
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itytf-su^t/y^/um, 2, e-^^f/v^yyV^Ss 2, 4, 

2-M)^ppxb ^^/Vtfwl^s 1, 1 — S^^/V— 2, 2, 

10 v--^>-^/v^-^->'^7 7V5^=./v^ o — h n^<^^;v^r^-^iyjv^=./v^ p — 

b t2^i/^V^-3rS/^7/t'/3?^/^ N 2— ( 4 — b n :7 ^xi/V) x har^/V 
2— (2, 4-^=bP7ai=;l/) 31 b^S/jfc/l^^/V'^&ifOT^ 

15 =. b C2^i/v?/V^ b ^rv^ ^/V^ (4— ^ h3ri/-7=c7 ^f/^ te 

r t-7h^y^f;H % 2 -j* b=3r>^ 2- (MJ^f/Vv' 

^/Pv 5 ^ ^vV-v' y y fcVVv?^ f/V^/ y /H, t e r t -7*9vVv^ 

gVi^ y yv^. b y j^/vix y /VS. t e r t — zf^/^^J^ x. =./u*y y 1> 

III Likj^ (I) ^7fe7kM&^ttUT^V^i-Vll^#: (II) ^r#5 
IS 

25 (i) (d 7 $L(D7km&<D&mrZs fcmm 5 m ks u -c mnn & n 

! 
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V^^-g-fci. t e r t —•ff-As? xi ]) Ks t e r t -75 J^t? B JJ K&ifOT/V 
^r/WN^-f K ; *<ls*?A'& n y Ks ^y^^o 5 h\ o — * 7- A"^ls fl* jr xl 
V Ks m-^fMy^Bj) H\ p-^f/V^y^Di) Ks P— =-hxi 
*<ls&A'& Py Kx p b ^e^O^A-^ P V Ks p — 7 oL=.A~*-ts*?A'& xx 

/w-n^ k^Ts TK^by fDA, tK*^-^- b y i7^s TKSf-fb* y >7A % Ttofcte* 
16* y ^Aj&^oiftSfcft ; mmykm-r b y <7A % ^utrsi;*? y ^A&ifo^iiTk 

10 3Jf4&*;iroiS3£©#l5ETks (I) fc^ife^^rS ci £ \z. J; 5 ?f 5 £. t 

t5 0 7^/N7^ K*fctt77^A7^ K©til«, fb^# (I) 1 
^;H^tT 1 ^/v^l^t L< , 1~1 O^/voftB^j; &#F*UV\, ^fcs 

'E^i^jJ* U < s 1~10 *E/1><Dffim& £ 0 UV\, 
15 7ktS©feSSi LT, lulBUfcT>'/vS^r^VN-5#-&fi N Tir^/V^ n y Ks 
7tf^7'p $ Ks ^ a aT-fe^/V^ n y Ks S?^ n a T-fcr^Vl^ o y K\ b V 
^Bo7tWa!J M)7;vtP7tWD!j ^ h^ri/7^^^ 

ci y f\ h y 7*s^ b^'>7tf^n ji fp7x^M b^y7tf 

/K7*u 5 Ks 7i;^77tWn!J p - ^ a a ^ ^ y =3p --XT -fe ^ u 
20 y Ks 7x-;v7-fe^/^ a y Ks :7ai=/VT-fe<^/K7*a $: Ks S?^=cc=.A'T-fe 
Wn!) Ks t 0 ^-r=.yp^ o p Ks 7Y!);^op Ks ^HJ^o!) Ks 
4 — Xl/TS *< 7V? U y Ks f^ti^/W^piJ ^ph//f;V^q]) 

yV/^oy f\ ^y/-f;vyo5 Ks o-^fMy^;^py Ks m-^ 
fMy^;v^n!) h\ p-^fMW^o!) K» 2, 3— s?^^vw« 

25 n y Ks 2 , 4 - s?* f-/^yyV /v^ nn\ 2 , 5 — gvw< 

y/^f/v^py F\ 2, 6-^y7f/^y^;v^ny k s 2, 4, 
f/^y^/^D!) Ks p-7x=;^yyV;i^^py K& }£(om^ xi Jf 
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fP7/i/tn^> »7k^ b^S'BEg^ MtK by r7^=/i^ h^^g^gft^ *£7K:7 

*v±m&m ; mm-r b v y ^^j&^o^iiia ; mm^m-r by & 

^Na^Wti^^fctt^tlTjc^O^Mfis (I) l^/W^LTl*^ 

$£t» l *;H^tT/>& < £ & — o(DiMM& o . l ^/W^JL.XfoSr. i: 
L<U — doSMj&s^jSK £ o . i~i o^;v©iiHtfe5-t^J:!3&tt 
20 v\, 

2 — b y ? o c2zn^/w s ^ i3 P f ^ 9 - l^x/py f/K ?nn3c^.l, l 

25 —^^f-/U— 2, 2, ^aa^2- (MJyf/^U 
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viu^mp— = h u =r.=./Uf£ if (DT JJ —^^r^-Zy^J /uy^^/u^'y^ F ; ^ o o 
afSg^^/K ^pp P - * b ^V-O-^/K if xi Pt dfgfc 3 , 4 b 

^ptl3df^2— (4 — — h zx.=f-}V^ ? xx n3rgfe2 — (2, 4— 5?=. 

75^ fcfy^>- N N, N — ittf'A'T K S tT ]J N, N — ^7= 1? 

^ N, N — i?3z.'f~As~T =■ V ^ tf-S^-AsiZ if ©7 5: if <D4tt T 
10 ^ N (I) i:KJES^^:Si:i:^J;-5fT5-^aS"e^«o TA^^^^f^ 

=;w%7^ F, 7;v^=/vt^^^;vl=;^7-f 7^;^^^*;^" 

( I ) 1 ^-/McS* LT1 *r/Hs*-L2W3: U < . 1 — 10 ^e^OfSffi^ £ 5 £Jf= u 

15 */i/^=/WN7^ h% 7U- /v^ap-s^/vaj^/w^-f F^fc»T9/^dr/v^-ar 
^;^r:;WN7^ Fl^/H^LTO. 1 ^/W^il^l? * U < , l-lO*^ 

ofSH^j; uv\, 2iiPi±©tM*#$fx%±<, 2mm 

^±.(DM.m&&^^&M&<DM.m<Dm.mm:tt., 7/1-3^^*^=^7^ f\ 

7/^^=/^' 3 fv'*/i'^=/WN7-f Fs 7 y -/V*^^/^=^7^ K^fc 

20 |i77/^t^r^*/V#=/WN7^ F 1 */l'WLX / >4< t % DOlI^ 

0 . 1 */HS*Jh"T?$> 5 i: i: flWS 1- < s — ^©tS^fe < i: t> 0 . 1-10* 

25 d P Fn p — * h^^^y^/i^^v^^/^ n JJ F\ p — =• b n^y^/V^ K 
dr^WnP h\ o-= fn-^v^y b^^^/^n JJ F. (4-y b 
dr^y^/drv-) ^/V^d!)F\ t e r t — ? h^is * *^/y? U V F\ 2— y 
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V VizWT As^*r*/T )V*r)V^=7 ^ K^, 7X*f t y ^ 17 A N tR*^ b y «7 A N 

5 m ; mm-r hv vj*. y «7 ^}£(Dm.mM mm-fcm-r yvvj*. mm?k 

u \f ;kxf^7 5 N, N-^^7$y tfJJ^y, N, N — 

^ *?-;VT~ V >\ N, N — i?x^;V7=P ^t£)£<r>T % }£<DM.m<D : ff&Tfcs 
tt&m (I) 4:BEJ5&£*3w'i:fc«fc!3fT5 ri:^T?t5 0 r^a^'^M^ 
10 9>f Fcfffltliv ( I ) 1 */W£*fr LT 1 ^/^_b^^^ b < . 1 — 1 

t/H^-UO. l i E-/V^Ji*s^U<s l~l 0*^©fSH^«t UV^ 

^-a-oltS^^ffififis 7^3^^7/^;WN7^f Kl ; t;H^Lt'>ife< hi % 
15 — d©SI^o. l^/H^-h^fe^-^^ u< s — DO^S^/f^jfe< fh O. 

1 ~ 1 o ^©iiffes ^ t ^ i 5 » t iv\ 
7KsfeS©^si36t lt, h&ib u hi* y /i-K &m^z> Rjssr±. by 

y a y K s hV ^ T-Asf 3 Asrfn % F\ xf;i/v? <7VV-y y /l^ a 
y K N -f ¥ y+j+i?* f-jv^ y /v^ n y K s t e r t —rf^f-tv^* *F;v*y y /v- 
20 ^a!) h\ f ijxf-zkv'ij^p]; F\ t e r t — /f/Vv 5 ? ^xt/v-^ y /v^ n 
y b\ b y ^ « =.yv.^ y a y ^roHfiv y =7 << - F ; • b V * ^/u*/ 

;*^i/;*7Wfc^— K -f yyn tf/^^^/wvy A b y rTVi^n ^ vx/i^ 
K t e r t — y^/i^y. *f-/vz/ ]) ;v b y 7^^- a y $ ^^./V-/^^— h N 
25 b y ^^/v-y y h JJ ^ ^ y^^*^- ter t-7"f;V^7i 

^-n^ ^ V-X/PTfcjfc — bJfeifOHg^i^y A- b y ^/l^ay- ^ y.xyl'jM*— h 
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mm* v &j*-fc2<Dmwt&. mm^m-r mjda; mm^m* v v^^t^mm 

jV^l/t£g<DT^lsi3:E<DmM<DT&%£T\Z., ( I ) ' t £ £ t 

ta ^ ^ v^/VTjs^— h -fb-a^ ( I ) It l ^/isSX±&m 

P/WN7-f KJcfcte^tftfe^y /i' b U ^>-^7V*;^— b l^e/Hci^j- 

UXO. 1 */V^_h/5S^^ u< s o. 1~ 1 O^/KDfEIS^^ uv\, 

om^^ftfflSfi. HfI^P;WA7^ KffcdHtm^P A- ^/v^o ^ 

.r. t u < , — <>(Dm.m&'j?te < t*>o. i~io *tsis<Dimm-e%> &z.k& 

20- ffi^— 7"/K h/i^WjiifC^'fbzk^ ; N, N-^^f^*/^7 5 

~ioo mmm<Di&mmi-i£ uv\, 

RjfeUm^ - 8 0 °C~ 2 0 0 °C<^f£ffl^0 ^ b < N —20 °C~ 180 °C<D^ 
25 ffl^J:«5^^UV\ ^fc, ^^B#Pp1f*s iB^O. l~10 0m ^tt<fJl 

r^j:5fcbT#fctbfc^ , ^^'7->'^* (id ^ migfDmmfc&'Wvm- 
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So ffc^^ ( I ) co 7fi7jc^^^r-<i/yV^K^*:«L-fc'ft;'^#J (I I - 1) \ 

10 -i-tZfrlo (5a, 7a!, 20S)— 21— (((1, 1 — f-A'X.f-f^) * 
f-AfVA') 3-*cis) -2 0- ^f/vWt-3-^-7-t-^ 

112 L2lk^±^M^jfe (ID co 2 lfe^y ^^-^vscp^u AdB&MMM 

15 gtT2 1- t:FP^7'^tyiifr (III) gr#SX^ 

/l/^t>f|# (I I) CD2 l{5L^P/^^^K(Di/y/^^^«$*X 
2 (I I I) »fc*P&*i/rv^« 

svjrzci/^coz/y /um&m%misit&jjm*:mmx*is:z> (yPT^f^^ - 

■ 4 is ■ st/lsjf—y? • (Protective Gro 

20 ups in Organic Synthesis) |3l, 1141 (19 
9 9^) , 1/ ■ ]J — &-f->-^mWL (John Wiley & . S o n 

s , Inc. ) f£ Eimm a 
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|{jc (I I) 1*;VWIT1^J:WII<', 1 ~ 1 0 ^r/vofSB^ J; Y) 
^t^»l#(ll) l^WLTO. OOR/vPiiWSK, O. 

fiO*fc±, ^I&go^^T J: fc:f±^#3ET"T?fT «ffl7?# S^SKt 

n — y — /K ^y^7;>3- g<OT ; ^h^t KP77 

<^mm^ ^yy^^ t^^y, ^ix-f/^ ^©^tt* ; p o ^ ^ 

-7Ujf1-lsmMfi£ (II) t^- Lt 1 ~ 2 O O llf ©ti^^ff LV\ 

t«*(H) I^LTO. 0 0 1-2 0 0 lt^OiB^0f LV\ £ h 
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y^Vi-^m^i^ (ID KMVXO. ooi~20 oms^ofSH^^^ lv\, 

KJES?a^f±> -10 0 o C~2 0 0°COiB«U<, - 3 0 0 C~18 0°C© 
iMtfsj: «9#F;i; uv^ ^fc. £0&B#p H m. JlSo. 1~10 0B#Ph1 n $f^U<» 
5 l~2 4^f|ffc5„ 

£os«> ^ix^^^ (id. ^^^jsc-r^s^fc^m. ^^m-a- 

i©± 5fcUX#£>tLfc2 1 -fc Kndr^k^tyHt* (I I I) Us il 

15 W^H^^iflJ: J: 9*»»-r^o 

2 1- kh'P ^^^^^^fl^^ (III) , (5a, 7 a , 2 0 < 

S) — 2 1 — t: Vu^riy— 2 0 — /^/V^'ty- 3 — Oris — 7— Or—As 
. y/x-Mi N 3^<5r r-y^HSWfS- fc^«t «9 (5 a, 7a, 20S) -2 1 

— t Kcz ^riX- 3 — (^ t°n- 2 '. — ( 1 ' , 3 ' — v^dry ^ y) ) -20- 
20 ^^/u-^u^^-iy-^ 7 — ^y^x- h t u cv^2 l&icftS^Sft 

L"C (5 a, 7 a, 2 OS) -2 0-*;V?^-3- (^tfn - 2' — (1' , 

3' ) -^v-^ty-r-^/v -^ixy^— Mcftag&^s 

(#WJ4~6#Rg) 0 ^m^/^^^y - 3 -y^/V- 2 

^ y y t ©KJS^ >t 19 (5a, 7a, 20R, 22E) —24 —Jr^y— 3 — 
25 (7;t°n- 2' — (1' , 3' -^y^y) ) -* 

— (J. Org. Chem. ) N 6 3t, 3 78 61 (1 9 9 8#) ; 
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/V ■ ■ $—Jf=- ■ fr$.X hV — ( J.. Org. C h e m. ) „ 6 3f, 

8 5 9 91 (1 9 9 8^) fcMfe&frfclfrife (TlB^^f— ^0M) \Z.£V)*?T 

=7 5: i/\z.W.mis*h%> a 




squalctmine 



CD s 09;tfif (5a, 7 a, 2 OS) — 7 — t K O *cZs— 2 O - ^ ^J\s~f \s ? 

t-3-ty-2i-^/p (i, i — ^/v-^c^/ix) ^pt^/i^y /v- 

bU— (Bioorg. Med. Chem. ) . 8 2 0 5 91 (2000 

10 30 ; WO 0 1/7 9 2 5 5*1)., (5a, 7a, 2 OS) 

-7-fc Ko^>'-2 0- /f-;V/l/^t-3-^y-2 1-^-/1' (1, 1 

^fc s ft^fe (I) ^ 7fi7Kmffi^r-<^> f -l'^Sxr#Mbfc^% (II- 
15 1) „ i-3&*?t> (5a, 7a, 20S) — 21— (( (1, 1— ^^^/Prc^- 
/V) Z?* t 7'A'%'V/l') 2 0-/^7°U-^-f-3-^-y-7-^/k 

<5 o 
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(5a, 7 a, 2 O S) -7-t O-^ WW 

-3-*y-2i-t-/v (l, \— /yzc^jv) *?*f-nfVA' 

T/V&k-O- (5 a, 7a, 20S) - 21- ( ( (1, \ *?-;V^*f-;V) 

5 f 2 i—>'y/i/-2 o-^^vyv^.t^fltft (IV) ) 

r±3fe&l4«r^i-5©-x? % ^tbe>^«5ti-sx@^b#?>^s3&^^fer±, lift 

10 X 5 0 

EAT. 2 1 - ^ y /l — 20-^ 1/ ^-^>-f|^#: (IV) O^-fbfciS 

X13 : 2 l-^D;i/-2 0-^f;V7°l/^tyjf^ (IV) QMMMMM 

2i—zsy /v- 2 o ( i v) (D^nmnmmmm 

15 fT?fx5 - £#st?#£„ 

*$JK£:UTW\ 2 1-^!);i'-2 0-^WWyi|ft (IV) 

25 «a N Mx.f^M^*5v^x^^om»^*i-UT 5 o-%e;Ts u< » 1 o %£at 
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f-v. ->^pt^^i?-^ N ^-79^^ ^^-/v^^ a^dr^v. 4 y$-? 

p - v 7^ if <d M ; i>^^/vrc— ^ yyn fcfVi^— ^ 
5 /K v 5 (n-^Pt» rc— tVK v 5 (n— :7^vw) ji~-7VK fh7tFn7 

7°ntVK WW^i tVK g^^n— -7^/1^^ ^(^31^ -^/i/^ fc^^^^OM 

io tyfift (iv) »ito. ooi^iooottf©^ itKfto. 
2 i -^]j^-2 o-^^/i-^tyif (IV) ©^ B l«;i*®ifc*5v^# 

kVi^— ^vi/) ; R 41 ^^i/yV^^^-ri:^, Ig^^itiTk* mK^^r-f- 
15 >-) asa£tf*£>*l,<5 0 

20 21-^!)/V-20-^ f /V7° 1^ ^' t y Hf # (IV) O 

•^f|Sf§[#; (iv) o&|§^^px.. M#i-^o i&^io&DTM&u 

25 2 1-:/y;l'-2 0-^WWyi^ (IV) ©filial 

man ^•x±mmm^mmm^^, m.^&'&z ~ ^ mmmm^n^x-b x < . 

19 
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■t?©i^tfflT?*> s r. i b < . ^u^wc o . o i ~ i o o $Fm(D%mx&> 5 

^mmi (7 a, 2 OS) — 7. 2 1 - i^fc Fp ^i/- 2 O - ^ WV^'t 
— 1. 4 - v>^>-— 3 

(7a, 2 O S) -7-tKB^-8-*W^t-l, 4-v ? ^>' — 
2 0- *;WWftK2 0. Og (5 4. 8mmol)'tx^/-;V2 0 0ml 
eBi, S^b/^^b7K^bfc 0 J1<D^^. **ft*!>«tMJ!?AO. 6 1 
g (16. lmmo 1) &mmz£rftXMl?L, l&MTfK *^T*^ 1 «FlWM£^ 

bfc D Bn&wzfc 3 %m.m&MZ-x'pm u £ & 2 o o.m 1 &Mk.ft&, 
y — /u&mm Txm^ Lit. mm^^mvt^m^^mm^xmm.^ &m 

tr^i-S (7 a, 2 0 S) —7, 2 l-^t KP^r^-2 0-^^;V^^^t- 
1, 4-^xy-3-tyi8. 8g (HX*9 3%) £r#fc D 

'H-NMR^^ h/l- (2 7 OMH z , CDC 1 3N TMS, p p m) -5:0. 
765 (s, 3H), 1. 048 (d, 3H, J = 6. 6Hz), 1. 238 
(s, 3H), 2. 490 (dd, 1H, J = 3. 3, 13. 9Hz), 2. 7 
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3 7 (ddd, 1 H , J = 1 . 8, 3. 3, 13. 9Hz), 3. 366 (dd, 
1H, J = 6. 9, 10. 2Hz), 3. 6 3 5 (dd, 1 H, J = 3. 3, 1 
O. 2Hz), 4. 041 (brs, 1H), 6. 143 (m, 1H), 6. 2 
53 (dd, 1H, J — 1. 8, 10. 1Hz), 7. 072 (d, 1 H, J = 
5 10.1Hz). 

• »%#il2 (5 a, 7ffi, 2QS) -7, 2 1-^Kp^-2 0- ^W 

l*#i^T, 1120 Om 1 OHP77^3t$i7y^T (70ml) 
Sr-7 8lcefcft, yk\,^y ^$>J>>&MO . 4 0 3 g (5 8. lmmol) 
10 7 8 0 C^-fe^b^> 0 <. V)Mx.fz. a y ^-^A^JR^^^k^^f^^rfc^. ZL<D 

u^-'^o (D-jTm-T?n h%h^. (7a, 20s) -7, kb^^ 

-2 0- ^f;l'7 p l'^t-l l 4 — v'xy- 3 — 2 . 00 g (5. 8 1mm 

o i ) i>7t'KP77y&omi fc®«£*fc*£afcSr*3>o < 
»t&* - 7 8 o c-v2^mmwvtc 0 K«ttr^=!>A3. 73 g (6 
15 9. 7m.^o 1) ^M^tz:^ R^m^mu^x^^Km-u^^hi 2^mm 

#U S T^^~T£rI^*Ufc: 0 6 -fe<D Biffin WV^^ 5 Om 1 *5 £11* 

3%sssi oomi &M?txmmi$-&, ^mm t7km*ftM\^fz.o ^mm&mm 

o 9 g ft'fji'Zi? J*? h^^^^r— (Mffl^ : mw.^-^-^/^-^^^ 
20- =2/1 O^fiJt;) ) filtsr £ TIB o Me 3 (5a,. 7 a, 

2 OS) -7, 2 1-^.tFP^-20-^W^t-3-tyi. 3 2 
g Sr#fc 01X^6 5 %) D 
(5a, 7a, 20S) - 7, 2 1 - Fa^- 2 O - ^ ^7°V^t~ 3 

25 'H-NMR^^^ Yfls (2 7 0MHz. CDC1 3N TMS S p p m) 5:0. 
710 (s, 3H) , 1. 0 0 7 (s, 3H) , 1. 044 (d, 3 H, J = 6. 
9Hz), 1. 0-2. 5 (m, 22 H), 3. 339 (dd, 1H, J = 6. 
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9, 10. 9 Hz) , 3. 614 (dd, 1H, J = 3. O, 10. 9Hz), 
3. 84 — 3. 85 (brs, 1H) . 

###!I3 (5a, 7a, 20S) -7-t Kp^- 2 O-^ W W~ 

3 — Hrls — 2 1 ±zJhzJk i 1 . 1 — g\fl^ £! ^ J^— 

5 ;^<D^^ (2 1 -^XU/^^-^iX^V-^-j-^M^fr (I) (D^jsfe) 

&*#ffl^CT. 500ml<D^^^=i 2 ^^-fe-^it b tLfc (5a, 

7 a, '2 OS) —7, 2 l-i?t KP^-2 0- ^f^V^t-3-ty5 
6. 35g (O. 1 6 2 m o 1 ) s 4 5. ^y—/^ 14. 8g (0. 2 1 7 m o 
1) feitJ^ h*7 t: Ft2 77^2 5 Om 1 &AnxMWlste&h¥&ffl 7k^ 
10 Ufc D i©ttt, t e r t-T'f/V^ ^0.0^7^2 6. 2g (O. 1 
7 4mo 1) SrS&JHU S&J6mT&> MTtI5^ij|#U ^r©^ v MLS: 
•• -e#aLT 1 BfW^^bfCo ^^Sf^SrTk 5 0 0ml fcfotf^ ^mt^f-jv 2 5 0m 

i -e 2 mttm ufc 0 ■ tks sr^itf u^niis 2 5 o m k mm-^rn.^ 250m 

1 T?J«#C25fe#- ^7K«^ h V 7AT«t^ $l$iU (5 a, 7 a, 2 O 
15 S) - 7 - 1 Kb 2 O - ^ ^T'V^t- 8 - 2 1 -t^ ' (1, 

1— v^^/l^^/v) ^^.^/ki/U/i^ x-f^6 9. 9 8 g £r#fc 0 
^jfe^jll (5a. 7a, 20S) -7-t Fp^-2 Q-^ Wl/^f- 

3-i-y-2 i-i--;v (l. l — ^/vj^/H i r 

jy(omm ( 2 i -yp o - ^ wi/^t yfi^ (iv> o^aftag 

20 • m_ 

#^j3-e#bllfcft (5a, 7a, 20S) -7-t 
/V^U-yir— 3 — stis— 2 1 — JV ( 1 , 1 — ^/U^^/U) pi 
TJ/V x-r/l'S 9. 9 8 g t^^f y 7°P kVl^x-r^ 14 0ml L, I 

25 6 9m 1 -C?5feif-U7£:©^rMBE^^*5i: kK£ *) > TlB^ttSr^-f-S (5 
a, 7 a, 2 OS) - 7 - fc Kp 2 0 - ^ WV^t- 3 - tV- 2 1 

— Or—jV (1, 1 — ^-/U^^/U) ;V X-7/V3 7. 3 9 g 
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ttmz. mmm s tmmm 1 &m ut©iiw5 o %) 0 

'H-NMRX^ hAs (2 7 OMHz N CDC 1 3 . TMS. p p m) S : O. 
0 2 9 (s, 6H) , O. 6 9 9 (s, 3 H) , 0 ! . 8 9 0 ( s., 9 H) , O. 
992 (d, 3H, J = 7. 9 Hz), 1. 007 (s, 3H), 1. 1 — 2. 
5 4 (m, 22 H), 3. 264 (dd, 1H, J = 7. 9, 9. 9Hz) , 3. 
5 7 0 (dd, 1H, J = 3. O, 9. 9Hz) , 3. 8 7 4 (bd, 1 H, J 
=s 1 . 7 H z ) . 
MM : 211 — 217 °C 

^3fe#!l2 (5 as, 7 a . 20S) —21— ( ( ( 1 „ ; 1 — * ^-;V=c.^-jV) 

^^2±o>£& (/v^ty^ft (ii) IMxj) 

^«#H^T. 5 00mlO77^2 J^ftM 1 <Z>;£f$feT*# hfbfz. ( 5 d , 

7a, 2 OS) - 7 - 1 KB V- 20-^ f^l'^t- 3 - 2 1 -* 

—JV (1, 1 — ^^^-/U^^/U) S^^/V-^y /V x-f^3 7'. 39g (8 
15 O. 8mmol), 4-^^f;l/7$ / t°P v'V 9. 7g (7 9. 4 mm o 1 ) s 
fc°JJv ? ^3 2. 6ml (40 3mmol) ,,^1*11^11. 2g (81. 0 
mmol) *5j:t^ b/^>-3 7 Om 1 ^AtbT^t^b^^bTK^bfco r.<£>^$c 
\ZL^ ^yyV/^ bj JJ K2 3. 4 6ml (2 0 2ttnol) Mo<9STU 

}®Ti£TfL ?j(^i5«#u ^o^k- ^w^*9B#p H m#u^ 0 - • 

20 %lJfcW£%:7k3 0 0ml temffl t 7KJH ^£Ht U TkJStr f/v^y3 O 0 

|3 0 0mK *3 0 0mU 1982ml .(35 %Wk 3 3 m 1 £tK 1 

9 4 9ml i!) H®) „ 7k 3 O 0 m 1 T?Jl|I#Cgfc#- bfc 0 tWS^IM. m^mBSt^ 

by ^^-e^^, Siiiitt5-fc(-<fc^ la (5 «, i a , 20 s) -2 1 

25 — ( ( (1, 1 — v^^/i^^/v) s^^/V^U ;V) $-^iy) -2 0- ^f;V7° 
Is?*}-— 3 — 7 — /V ^/x-b5 5. lg|#fc„ 

SUMg (5o, 7 a , 20S) -21— (((1, 1— ^^^xf;l/) 
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y^^-boitM (2 i — i/p/is— 2 o — * ^suyujf-r^mmik (iv) cfta 



2 T?# £> tb/cftL (5a, 7a, 20S) -21- ( ( (1, 1-v^^" 
,V^*FvV) i> ^ ^Vl^ y /V) v) —20—^ A*-? V ^-f — 3 - ^- V - 7 - 

^y>/x-h5 5. 1 gt^tV2 0 0mllrliPU 6 5°C^An^! 

ttifll^ 5k^T^^*nUfc^^i?-^5 Om 1 ?2||fHll!l»lfc. fffflftSr 
^BETfSJI^S- fcfc^TlBWfc&^frrS (5 a, 7a, 20S)-21- 
( ( ( 1 , 1—$?* ^/U=^^/U) i?* *f->V*S V As) Hr*r%s) -20 — ^ f-As"? ^ 
-tf-T— 3 -Jris— 7 —Jr—/v ^i/yac— h 2 6 . 2 g £r#fc (^JfcM 2 , 3 £: 
jiU-TOillflWS 7%) o 

'H-NMR^K/l' (2 7 0MHz, CDC1 3 , ^ tn=i ( 7 . 2 

6 p p m) . p p m) 8 : - 0 . 0 0 5 ( s , 6 H) , 0.. 7 2 1 ( s , 3 
H), 0. 860 (s, 9H), 0. 985 (d, 3H, J = 5. 9Hz) , 1. 
0 7 9 (s, 3H) .., 1. 0-1. 8 (m, 1 5 H) , 1. 9-2. 5 (m, 7 
H) , 3. 171 (dd, 1H, J = 8. 9, 9. 9Hz), 3. 543 (dd, 
1H> j = 3. 0, 9. 9Hz) , 5. 184 (bd,.lH, J = 2. 0Hz) , 
7. 4 6 7 (dd, 2H, =J = 6. 9, 7. 9Hz) , 7. 5 7 6 ( d. d , 1H„ 
J = 6. 9, 6. 9Hz), 8. Oil (d, 2H, J — 7 . 9 Hz) . 
ffik/& : 1 6 6 ~ 1 6 9 °C ■ 

mmm^ (5a, 7a, 20s) - 2i-tFp^-3-^y-2o-^ 
^/uyuf-ri/— 7 — gh=z ^ ^Z>^ri-h-^H^ (2 1— 1= KP^v^v^t 

(III) 

5 0ml ©HP77^^ t t 3 T^l^J3©^S^#b^fc (5 a, 7a, 20 
S)— 21— (((1, 1 - v 5 ^ ^/l^^/V) v>;* 9vV^ P /V) ^-^i/) -20 
-^^-/V^lx^^-— 3 —$rls—7—* — A* ^^/^M. 00 g (1. 7 6 
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mm o 1 ) b7t Fp77^1 Omncfi^^ oV^9°/ot^O. 6 m 

i u 4o°c-e7 mmmw U7t 0 &.mm.?tmm u ?x 2 o m 

1 N mm^^/l-S 0ml ^r*nx.attibfc D tKJS^HU ^BfUfc7KStr$ bfc 
g^^zn^/V 2 0ml X'ttfi} Ufc 0 Us i&fn*W7k 1 0 m 1 T? 2 !S|$B 

ft (5b, 7a, 20S) - 21-tKa^-3-^y-20-^WV 
Jf-Tis— 7 — ^ hO. 8 O g Sr#fc„ #btbfc&^.^#»fcT"fe 

5mi^mmm^m ; s-\^f^ 0 ^mm^mmT^)m^^:^^t^x\) , (5a, i 

10 a, 2 OS) -2 1- hKa^i/-3-t^y-2 0-^f^7'V^ty-7- 
^o-y'a-^- bo. 3 O g £r#fc (iJX* 3 8 %) 0 
l H-NMR7^ (2 7 0 MH z N CDC 1 3N TMS, p p m) 5 : O. 

729 (3H, s) , 1. 0 4 4 (3 H, d, J = 5. 9Hz) , 1. 080 
(3H, s) , O. 9-2. 5 (22H, m) , 3. 341 (1H, dd, J = 
15 5. 9, 9. 9Hz) , 3. 5 8 7 (1H, dd, J = 2. O, 9. 9Hz) , 
5. 192 (1H, bs) , 7. 4 7 5 ( 2 H, d, J = 7. 9Hz) , 7. 5 
57 (1H, dd, J = 6. 9, 7. 9Hz) , 8. 006 (2H, d, J = 6. 
9 H z ) . 

: 156~161°C 

20 Iii5 (5 a, 7a, 20S) -2 1 - b Kp^V- - 2 O-^ 
^•/KT"^^-^ — 7 — A* ^yy'x- b (D-g-Ffc (2 1-b KP=3rV7°V^t 

i/mmfc (iii) 

5 Om 1 <DH:P^^^ = ^-T?^*fe#iJ3 (D^?i-e#btLfc (5 a, 7 a, 2 0 
S) -2 1- ( ( (1, 1— -J^^~;v=^^-;V) -Jytf-jUz/}) /V) ^^v") —20 
25 f ^^'t- 3 - t^- 7 - ^WV ^Zl/y^z— h5. 00 g (8. 8 2 

mmol) &r>7t KP77y5 0mlW$-f, oV^18%«l. 7 

25 
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m&mm^y^i'V&'v&mis&fro mm%k, mmv s mmm* tmm^ m. 

(5 a, 7 a, 2 OS) -2 1-t FP^r^- 3'-t^y - 2 O-^f /^V^' 

-ri/- 7 -jr—iv ^<z/-jnz.— h 3 . 9 9 g §r#fc D %hnfcm.^m^r^ h 

5 yi4ml WDU M&^m^Lfco *|fift«r*iaU i&^bfcTi? b^O . 
5 m 1 T'tWt^at Ufs 0 «Tffi©^MI±T^ji$*5 ^ i ia !) , (5 a, 7 
a, 2 OS) — 2 1 — fc Kndr^X— 3 — ^t^-y — 2 O — * JV*? ^ Jf -jr 1/ — 7 — 
3 /V -<y/x-h2. 6 0gWc (J&^6 5%) D • 

##ffi|4 (5a, 7a, 20S) -2 1- t:FP^-3- (^t°P-2' — 

io d' . 3' —z?$-3cy^» ) - 2 o - ^ f ;v/i/^f y- 7 - ^o- 

4 <D^fe-X?# ttfc (5a, 7a, 20S) - 21-t Ko= l rv'- 3 — 
— 2 O — p< 'J-A'-fX'tr'Irl/— 7 — 3r—/V ^i/yx-M6. 5 9g (3 
6. 6 5mmol) Sr^/nyi 6 6ml!i:^$t, if l/y^'])3-;H 6. 
15 O g (2 5 8mmo 1 ) , p — b/H^/^ A^V^ - 1 TkfP^J 0 . 4 9 g (2. 

6mmo i) t»u rnmmmT 4 ommMW\^tz a Btm^m^ mmmwyk 
i o om i KRmwi&mjjuv, mfrvtco ykm^^mm, ^mm^m^mjki 

O Om 1 -emftVfz: a ^mm&m.7kmM~7- b V P A ^WlMk* MMWiW L-^ #£> 
ttfc|g.^#»16. 2g^!)i;^7A^nvI>^77>f- (lit : St 
20 =c<?-;V/^ 1/6) T«tS^i: t i !), TlBMfe&Wi-S (5 a, 

7 a, 2 OS) -2 1- t (^ If U — 2 '. — -( 1 ' , 3' — 

dry7>") ) -2 0-^f^Wty-7-i-/V ^yyx-h5. 16 g 
£r#fc («X^ 2 8 %) 0 

'H-NMRX^^ h/V (2 7 OMHz, CDC 1 3 . TMS N p p m) 5:0. 
25 699 (s, 3H), 0. 882 (s, 3H), 1. 039 (d, 3H, J = 6. 
9Hz) , 1. 00 — 2. 10 (m, 22 H), 3. 328 (dd, 1H, J = 
5.*9, 9. 9Hz), 3. 577 (dd, 1H, J = 3. O, 9. 9 Hz) , 
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3. 8 3— 3. 9 3 (m, 4 H) , 5. 159 (brd, 1 H, J = 2. OH 
z) , 7. 48 (dd, 2H, J = 6. 9, 6. 9Hz) , 7. 59 (d, 1H, 
J = 6. 9Hz) , 8. 0 5 6 (d, 2H, J = 6. 9Hz) . 
##ffll 5 (5 a, 7 a, , 20S) -2 1- bKB 3r V — 3 - (Xt°P-2' — 
5 ill i 3' — i^^-^y^^) ) - 2 O - ^ Wl/^t^- 7 

l^ifeM4C)^*-e#btbfc (5 a, 7 a, 2 OS) -21-fc 
t^-2 0- ^f;^l/^ty-7-t-/V ^/x-f3. 9 7g (8. 
7 7mmol) ^f;l/xy4 9ml fctll^^xf vy^ij n-;V2. 75 g 
10 (4 4. 3mmol) N p - f ;Ux y ^/k^ • 1 7 Xfp!^ 0 . 0 5 g (0. 3 
mmo 1) Srt&JflU 2m?»3g«6T 4 B#^^# Ufc D ]S£JSBM£8L HMf*l 0 

ufc„ ^rtMi^^i^cfiKtt^- h v vj*-<*nmm, mmmmv, nhnr^m.^ 

15 — dri?-,V= 1 / 6 ) -C'iiit5 21 i: J: > 4 i: l^ti^ (5a, 7 a , 

2 OS) -2 1- t Fndf>y-3- (^t°P- 2' — (1' , 3' — -^^^y^ 
>•) ) -2 0-^Wl/^ty-7-twV ^/x-f3. 4 4 g 
(jfc^S 7 9 %) o 

#^•#116 (5 a, 7 a, 2 OS) -20-^j;k-3-.Ub , P-2' — 
20 (1' , 3' — Zttf-^y^l/) ) — -flsf'f'ls— 7 ~ /l^ ^y/x^- h<£>^ 

##W4©*ST?#&iHfc (5 a, 7a, 2 OS) -2 1- tKP^-3- 
(;*.tfp— 2' — (1* , 3' — v^^y^X) )'-2 0-^Wl/^y- 
7 — -O'j/at— h 2 1 . 4 g (4 3 mm o 1 ) % 2 , 2 , 6 , 6 — T h 

25 7^f/V-l-^5^t^, 7P-7^*/l'0. 13g (0. 8 mm o 

1) p n ^ ^ y 2 1 4 m 1 |:§i**t*ft U Z.(Df&m\z:^ fkfc* V f? 

AO. 51 g (4. 3mmol) ^ttK 2 1 m WzMM felfafc^^SrSk^ 
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^TK^Ii^ (2. 6 4 w t %, 10 8ml, 40 mm o 1 ) fc^lfcjcSR"^ h P # A 
( 1 . 0 g ) SrS&bn Ufc7jcS^^7K^T-C^T U ITHTi, Tk^T"?? 2 H#iW 

5 W: (3 0mlX2) „ mm^^mm t^^rXyk (5 Om 1 X 2) N ISfP^ft 
^7K (2 0ml) ^JW^Sfe^-b. ^g7K«^^v'!>AT?^^ N MB U #fe 
frLfcJS.&J^SrS' P # ^A^o^h^'^^H'— (SUM : 
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